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ABSTRACT. At the request of the Air Force Systems
Command, a preprototype version of the €2MA motor,
with a single center segment plus end closures, was
impacted into a massive concrete, steel, and carth
target at a velocity of €67 £ps to determine the
hazard potentisl of the motor. FPhotographic data
showed extensive grain breskup fram the impact, and
blast-gage data indicated a low range of overpres-
gure and impulse ferces. Frogments of motor casc

were thrown to 2,500 ft, and pieces of burping pro-
rellant were thrown to 3, Tt.

This report presents a description of the test
setup, procedures, resuits, and conclusions.
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FOREWORD

On 13 June 196k, a preprototype, heavy case, static firing version
of the 62LA solid-propellent motor was impacted against a concrete,
steel, and earth target at a velocity of 667 fps off the muzzle of the
Supersonic Havel Crdnance Research Track {SNORT). The test was com-
ducted to aid in evaluating the potentianl hazard of the motor when used
as the booster of a2 Titan III C missile.

Tnis report, which has been reviewed and approved by the Space
Systems Division, presents a description of the test setup, procedures,
results, and conclusions.
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INTRODUCT ION

This report documents a test conducted on the Supersonic Naval
Ordnance Research Track (SNORT), at the request of the Space Systems
Divisicn of the Air Force Systems Command, to obtain information relat-
ing Lo the hezard potentiel of the 624A solid-propellant motor. (Two
multisegment 624A motors are to be used as the zero stage of the Titan

III C vehicle.)

The test item, a preprototype, heavy case, static firing versicn of
the 624A motor equipped with a single center segment, was impacted at a
velocity of 667 fps into a concrete, stecl, and earth target placed 100
ft from the muzzle end of the track. The test approximated a fall-back
condition fram an altitude in excess of 10,000 ft with impact on a hard

curface.

Test setup, procedures, results, and conclusions are described
below.

Test Ttem

The motor tested was manufactured by the United Technology Center,
Sunnyvale, California. It differed from flight hardware in that it had
a heavier motor case, was equipped with only one cylindrical center scg-
ment instead of five, and was, therefore, considerably shorter than the
actual. stage~zero motor complex of Titan III C. The test motor was 120
in. in diemeter, approximately 16 ft long (vwithout the nozzle), eod had
a 3/h-in. steel cese. it hal a forward end en aft closure, both of vhich
had skirts that allowed the sled rings to be bolted to the test item; an
igniter and igniter adapter; a nozzle having a 6-deg upward cent; and cune
cylindrical segment. Component weights werc as follows:
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Loaded cylindrical segment 77,805 1b
Loaded forward closure 23,860
Loaded aft closure 23,211
Igaiter adapter 160
Igniter (RP-3) 122
Nozzle 3,202
Miscellaneous motor hardware 150

Total motor weigot 128,510 id
Total propellant weight (before firing) 92,543
Approximate propellant weight at impact 82,000

Test Vehicle

The test sled consisied of two rings, four trucks (two forward and
two aft), and 1l isolation skids~-three for each forward truck and four
for each aft truck. The rings were designed to bolt to the skirts of
the forward and aft closures of the motor during motor assembly. Since
the motor had to be assembled in the vertical positicn, the rings wer:
designed with trunions to accormodate the cranes used to hold the motor
vhile it was being rotated to the horizontel position and placed on the
track.

The trucks were the links between the rings ar® the isclation skids
that fit on the rail heeds. The skids were isolat: - ~“~am the trucks by
rubber in the pin connection to reduce the track-induced vibration exper-~
ienced by the motor during the run. The trucks ard the skids were placed
on the track, and the motor (bolted to the rings) was lowvered anto them.

Target Configuration

The target face was coastructed of reinforced concreote 6 £t in depth
with a 20 % 20~ft impact surface. The concrete face was backed with 3-
in. steel plate and this, in turn, was backed with approximately 35 £t
of earth £1i11, 20 £¢t high. The concrete was prefabricated in blocks and
placed in position 100 £{ off the muzzle end of the track. The target
impact surface had openings to accept the sled trucks to insure that the
test item experignced initial contact. Figure 1 1s a view of the target
before the test.

”Figurea 1-23 appear at the end of the report beginning on pe@e i2.




Instrumentation

Instrumentation included overpressure gages, seismographs, geo-
phones, cameras, and radio-link telemetry. Because of the many unknown
factors in this test, the choice of instr.mentation was somewhat arbi-
trary in some areas. It was chosen in an effort to obtain optimum cov-
erage by using a cambination of suggestions from ell groups concerned.

Overpressure Gages. Overpressure was measured with Kistler piezo-
electric and Ballistics Research Laboratory (BRL) gages. Tne Kistler
gages use remotely controlled Ampex FR100 tape recorders to collect date;
the BRL gages have a self-contalned recording device. The pressure is
sensed on a dlaphragm that is attached to a stylus. The stylus scribes
the diaphragm movements on an aluminum~-coated glass disc. The disc is
rcetated by a chronametrically governed DC drive motor. Diaphragns rated
to measure anticipated overpressures were placed in the gages. Figure 2
shows a2 typicel gage instellation. Both types of gages were mounted to
get side-on, pressure-time data. The Kistler transducer was mounted at
the top of the horizontal section of tubing shown in the photograph. The
BRL gages were mounted flush with the ground surface.

Locations of pressure sensors are shown in Fig. 3; Table 1 lists
types of Kistler gages and the naminal pressure ranges of the BRL in-

struments used at the various gage positions. The Air Force Rocket Pro-
puvlsion Laboratory, Edwerds AFB, California, provided comsulting services
for the gage layout and provided the Kistler gages. (Table 1 is repeated
oa page 13 for reader convenience.)

TABLE L.

Oserpressure Gagrs

Leg &1
(ftorth)

Leg #2
(Weot)

Leg $3
{Southeast)

Xistler - (G1A
BRL - WY ont

BRL - %0 pst

Kistler - GOLA
BRL - %0 pss
BRL - 29 psi

BRL - 2% pat

Kiotler - fOLA
BFL - 15 pat
B7L - 5 pst

Kistler - (OLX
BRL - 19 pai
BRL - % pst

BAL -~ 9 psi

Kiatler - TCIA
L - 9 psl
oL - 1 pag

Yistier - €QLS
Bl - 1 pal

—

BRL -~ 1 ped

BiL « ) p3)

Eiatler -~ 7014
ERL - 0.5 pel

WL - ¢.5 psi

DL - 0.% gt




Seismograph and Geophone Installations. Personnel of the Divisica
of Seismology, Coast. and Geodetic Survey, Department of Cammerce, instru-
mented the NOTS range area with seismographs and geophoneg to gather sefis-
mic data from the test. These data have been documented.

Renge Photography. The four major range camera functions were (1)
surveillance of the motor during the run, (2) surveillance of the ootor
at impact, (3) gathering of velocity data from track muzzle to target
impact, and (4) gathering of data on fireball growth.

Table 2 lists camera types, positions, lens sizes, frame rates,
types of film, fields of view, and information to be recorded. Figure b
is a camera layout sketch in which the camera numbers correspond to those
listed in Table 2. NOTE: N, E, and W figures denote distznces in feet
from 2 coamneon point at breech end of track. N = northerly along track,

E and W = east or wvest of track centerline. This note applies throughout
the entire report.

Telemetry. A six-channel FM/FM telemetry package was nounte? in
the forward .eft-hand truck of the test vehicle to gather motor emviron-
mental datz during the run. One purpose of recording TM data was to be
able to determine the cause of malfunction in case of a gross failure
of the motor during the run. The functions monitored included vertical
and lateral vibration on the forwerd and aft rings, linear accelerstiom,
and cambustion chamber pressure.

TEST PROCEDURES

Preliminary Preparations

First, an assembly arca was constructed at track stetion 17,700 £t
north (4,000 ft from the target face) and the necessary roadvork was
done. Then, the week before the test motor arrived at MOTS, the target
was assembled and overpressure instrumeatation preparation was sterted.
The motor was delivered to the range four days before the test and cotor
ascembly was started the next day.

Motor Acsembly

The motor was tromoported in three major units«-the forvard closure
with igniter installed, the cylindricpl segment, and the aft closure
with nozzle installed. The motor was assembled in the vertical, noiazle-
up position and rotated to the horizontal position with two G0-ton crenes,
then placed on the gled trucks. Ascembly and rotation took two days.
Figurc S5 shows the aft sled ring being put in position; Fig. 6 shows the
notor being rotated to the horizontal position.

*Se1emic Disturdances Generated by Titan III €2hA Solid MNoter Tess,™
by W. V. Mickey and T. R. Shugart, Octover 19th.




TABLE 2.

Cancra niu=bers add locetlons correspond to the layout shovn in Pig. B,

Barard EPvaluvatlon Caneres Instruzcertation

Cagiers qumber
and type

Locatico

Lens

Hate

3)

Pield of viev

Perecks

1. Pastex 1€
wp-3

17,0008 x 30'E

£

2,000

Hear pt, 17,6503
30’ vert x 1,800° taw

Moo itor gnttian
50 trevel

Mi1)iken
16

19,300°R x 30'E

&=

Far pt. 17,00
Hear pt. 18,900'%
60' yert x 1,200 bor

Mxivor :,200° trevel

Millfken
1fen

20,300'8 x 30'E

[

Yar pt. 5,000
Niear pt. 13,000'%
€0 vert x 1,200° hor

Macitor 1,200 trarel

Photo-Sacics
108

21,5008 x 1,100'E

21,400'S - 21,700°8

Mooitor 200' travel,
free f1ight, lmpest

Fastax 1€
Wy -h

21,700'% x 1,100°'¢

20° vert x

Mediur sbot of {tem
on target fact

Fastax 14
w3

21,700'0 x 1,100'E

T vert x 3

QDoocup 0F itrxm ax
target Tact

Pactax 1€
WP -b

21,700°A x 1,100

€6 vert x 12%° hor

Firctall

Milliken
e

21,7000 x 1,19%°E

19,800'7 - 20,L0°'%

Travel fron 1%,600'3
to 20,6C0'R

Mi1lixen
1z

21,7008 x 100°'E

20,6008 - 21,600°%

Travel fram 20,6003
to 21,£00°%

Pastax 14
V73

21,690'N x 320'E

11* vert x 19' hor

Closewp of lopact af
itee on target

sYastex €
Wp-3

21,670'N x 320°R

1'0° vert x 220° hor

Frageent dlgtrikuation

Pastax
WF -2

21,6/0'N x 320'W

13* vert x 19° hor

Qloseup of Impass of
ftex on target

Fasax
w2

21,690'n x 320'W

150" vert z 220° hor

Pregrent distriluilon

Faotex
wF 4

21,700'W x 1,100V

3¢’ vert x %2° har

Ml alot, itex
topact

Fastax
r-3

21,70C'E x 1,100'¢

17* vart x 21' hor

Qogeup af ez
Lepact

Fastax 16
¥

21,700°'% x 1,100V

(6 vert x 125" Lor

Fireball

Photo-Sonica
Y8 I5em

21,700°N x 1,100'¢

21,00'0 - target

Volocity o fre
Ttght

Phato-Zonics
1€ e

21,700°% x 1,100

21,5%0°'Y - target

Pree fltght anl
ipact

Mhoto-Sontca
4B J5em

10,000°% = 3,000°'E

NAS trackiea

On 834 rowy

Milliker
14

10,070'7 x 3,000°K

K5 tracking

Co 3 roat

Pata-dontes
10A T0==

10,07°N » 3,000°K

K5 tracking

o B4 ran?

Photo-Sonics
18 e’

21,400°70 « LOO'2

IO vert x 43 dr

Quse trpack dala

msmlfﬁ 21,680°0 x 100°W g Y vert 3 Ay bor Cicee Logasy dals
—— o e e et et 2 et 40 o

e 27, Ao
pat arhs
T
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The day befcore thc test, the teiemetry package was installed apd
checked qut; the destruct receiver and decoder were mounted on the rotor,
end the motor wvas prepared for firing with the exception of installing
the initistor and destruct charges. Instrumentation checkouis were in
progress during the week. Figure 7 shows the motor ready to be fired.

Test Firing

The test was fired at 1320 hours on 13 June 1964. The motor per-
formed as predicted for the 4,000-ft run, striking the target at a meas-
ured velocity of 667 fps. The 100 £t of motor free-flight from the track
muzzle to the target was as ballistic studies had predicted and the sled
trucks entered the target access holes so that the motor igniter nede
first contact with the target. The following atmospheric conditions ex-
isted at the time of the test:

Wind _ 8.5 ¢ps from 180 deg
Tewperature 9k.5°F

Rumidity 13%

Atmospheric precsure 926.3 millibars

Density 0.0020h4 slugs/ft>

TEST RESULTS

Photographic Data

Surveillance film shows that thc motor penetrated approximately six
£t into the target befure failures were appasrent. The case expanded and
cracked at the forward end of the motor in both quadrants on the west
side. The cracks propagated to the aft end of the segment as the motor
tried to penetrate deeper. The first aign of fire came from the frocat
of the motor after target penetration. After the motor had cntered the
target to approximately helf the motor length, the aft closure ruptured
around the nozzle followed by complete desiruction of the motar. Figure
8 chows enlarged 1€mm £ilm sequence of motor impact. The force of the
explosion left a crater approximately seven ft deep vhere the target
had bern.
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Figure 9 1s ¢ serles of pictures of the propcllant after it was ex-
pelled from the mouer (turnirg propellant was thrown as far as 3,000 ft
from the L:ipact point). Figure 10 is a sawple of the size of the pieces
of urburaed vrogellsnt, most of which was found along the track. The to-
tal awoupt of unburned propellant was quite small. Residue on the ground
surface left by the impact of the burning propellant was roughly circuler
in shape and varied from two inches to ten fzet in diameter. The sard
was melted and the residue had the appearance of aluminum,

SO0

Figure 11 shows typical residue from burned propel’ant. The for-
ward closure (Fig. 12) was found 270 ft bLeyond the target site. Figures
13, 1%, arnd 15 show the debris to the east, west, and north of the target
location; Fig. 16 shows the nozzle and sther 3edbric in the crater; Figure
17 chows the target face from the track muzzle before and after the test.
Travel of same fragments was found as shown in Fig. 18. Descriptions of
the fragments are keyed to the numbers in the graph. Figure 19 is a mon-
tagz showing large pieces of debris found between 1,260 arcd 2,500 £t frem

point of impact (see note, page ).

Telemetry Data

The firing pulse was sent from the SHORT progremmer at zero time,
and all the following cvents, taken fram the TM record, sre referenced
to that time:

Yioter ignition 04209 ms
Sled fzrst motion O+ih3 ms
Time of impact 0+413.307 sec
Thrust~chamber pressure +550 psi
Average acceleration 13

Data from the four vibration chennels were nct azsessed since they
are not pertinent to the evaluation of the test. Sections of the ™™
record are shown in Fig. 20.

Preiisure Cage Data

The chief source of data from the overpressure instrumentaticr cane
from the BRL gages. Therc was a failure of the Kistler gage recorder
on leg #2 and no information was recorded by the Kistler geges ab that
location. The failure could aot be reproduced after the test; thercfore,
the cause is unknown. BHowever, Kistler gages at distances of 512 and
1,130 ft on leg #3 apparently provided valid overpressure datae vhichk, in
general, agreed wath the data ubtained from the LRL gages at the seme
locations. Additionslly, all three Kistler gages on leg #3 y.el@ed time
of arrival of the shock wave.
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Teole 3 gives the gage stations. ‘esk overpressures, duration of
overpressure wave, and impulses as ¢. puted for the BRL gages by the
Ballietics Rusearch Laboratory and 1:. the Kistler gages by the U, §
Naval Ordnance Test Btation. Figure 21 18 a gruph of the overpressures
campared to reference curves for 4,100, 8,200, and 16,400 1b of THE, as
derived fram BRL Memorandum Report No, 1518%; Pig, 22 18 a plot of im-
pulee meapurements uaing referenue eurves for the above apeunts of TiT,
a8 derived fram & scaled impulse versus scaled digtance curve prepared
by C. Kingery of BRL.*™

TAHLE 3. Overpresours and [Spufce Data

Distance COverpressure Pules Duretion
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*Ba.uistice Research Laboratory. '"Peak Overpreseure Vs. Scaled
Distances for TIT Surface Bursts.” April 1964. BRI Memorandun Report
No. 1518. This report covers measurements mede ca 5+, 20=-, and 100-ten
hemisphericel charges.

"“----, Curve is based on data recornded fram 5-, 0=, and 100~

ton THT? surface bursts and wvas traacpitted to KOTS by BRL letter, C. R.
Kingery/sri/31258, dated 11 September 196h.
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The times of arrival of the overpressure wave were taken fram the
Kistler gage record on the southeast leg. The times are taken from 9 ms
after initial impact (as measured by sledborne telemetry) tc the leeding
edge of the overpressure pulse and are as follows:

266 {t from impact - 1L5 ms
. 512 ft fram impact - 32h ms
1,130 £t from impact - 84k ms

The 9 ms cited above is an approximation accounting for the ifnter-
val between impact and initial rapid expansion of the fireball.

The aversge velocities of the pressure wave calculated fram the
distances and times listed above are as follows:

Fram target to 266 ft - 1,83k fps
Fram 266 ft to 512 £t - 1,37h fps
Frap 512 ft to 1,130 £t - 1,188 fps’

CONCLUS IONS

Inspection of individual values for overpressure and impulse shows

a tendency for gages close to the target on the southeest leg (#3) %o

run higher than corresponding gages on the west leg (#2). Gage recards
from the north leg (#1) ran lower than thogse fram correspending pesitions
on the west and southeast legs. This is anticipated behavior since gages
on the southeast leg near the target were expected to sense overpressure
reinforcement resulting from target reflections, and gages on the north
leg were sheltcred fram the full effect of the blast by the target mass.

Table I shows values of THT cquivalent yield in poundn and per-
centoagesn: '




TABLE b, TNT Zguivalercy Voluco

K3

_'.:.:-_.nv.)-:_.;:%(-).-,.' A e PR A AR sy

2

Av. yld fn Av. % yla Av. yid 1o
Cagr Line 1b THT free frcn peor b TP Troc
:nk prégoure preggune {rouiae

e
—

Leg 1 (%) 3,300 L.o 3,700
Leg 2 (W) 4,900 5.9 h,700
teg 3 (52) 8,80¢ 10.6 9,500

Average® 6,000

Average™ 1.8 2,800

Avernge*’* 7.4 5,700

“Giving equal velgnt to cach leg.
*8
Civing equsl wveignt to each gege record.

>80
Onitting all records on leg 1, records ot 91 nad 266 ft or leg 3,
and presgure record 8t 91 ft, leg 2. Equal weight asgigned to each
of the rcaining gage records.

-

Yields derived from peak pressure were based on the followling formula:

>
v ( £z [actual aistance
~ o Po Scaled distance

W = yleld in 1b of TNT
1 1b of TRT
ambient air density
air density at 1,013 mb pressure and 59°P
Actual distance = distance from target impact to gage
Scaled distance = gcaled distance corresponding to ratio:

recorded overpreasure = .
ambient presgure = ADptabu

lation in BRI Mexo Report §1518




Yields based on impulse data were derived by interpolation between
computed TNT weight versus impulse velues which, in turn, were derived
fram the BRL curve used as the source of reference lines on Fig. 22.

In general, the recorded overpressure-time histories were classi-
cal in shape; however, a few BRL records exhibited an unusually long
rise time to peak pressurc. Figure 23 shows typical gsge records, four
of which are fram BRL gages and one is from a Kistler gege. The Kistler
gage record at 512 £t on the SE leg was less regular in shape and more
difficult to interpret than the record of the Kistler gage at 1,130 ft
on the same leg.

Because of inherent limitations, BRL gages a2t 91 ft on the west
and southeast legs had only marginal capability in detecting true peak
pressure at this distance fram the blast. This may account for the low
peak pressure values gt 91 ft as contrasted with the trends shown by
other gages on the west and southeast legs, and as contrasted with im-
pulse values for the gages at 91 ft.

The relationship between the energy release associated with the
propellant reaction at impact and the blast wave is obscured samewhat by
other factors. same of which may contribute to the blast wave and some
of which detract from it. Two possible contributors are kinetic energy
and the rupturing of the motor case as a pressure vessel. The computed
kinetiec energy cootribution combined with the computed rupture action
can account for l:ss than 1% of TNT equivalency for the assumed 82,000
1b of propellant at impact. On the other hand, the pro rata division of
gll available epergy into principal effects (i.e., creation of a blast
wave, target and motor destruction, and frregment dispersal) is very dif-
ficult to determine. It is apperent, however, that energy required for
destruction and fragment dispersal. is not available for blast wave forma-
tions in the atmosphere. '

In view of the above, it is considered that the best estimate of
THT equivalency for the test item under the test conditions experienced
is 7.5%, plus or minus 2%. -
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TAELE 1. Overpredsure Gagres
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{Srythresel

Klatler - FfQIL
BFL. - 100 pag

| L - % pel

Eistler - esila
BRL « %0 pal
T - 3% pst

|
1
|
1
-

W - Y pat
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Leg 2

Klstler = tGls
IRL = 19 pat
L - % pal
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B - S pal
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travel
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BRL « % pas
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Listler = 203
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Mg - ) pat

Xistler = DUl
e - C.% pul
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FIG. 3. Presaure Gage
Location Chart.
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Installation of At Gled Ring.




?IC. 6. Rotation of Test Motor Before
Being Mounted on Track.

FIG. 7. Motor Ready for Firing.
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FIG. 8. Erlarged Scquential Film Frames
Uhowing Motor Impact.
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FIG. 9. Pbotographic Jequence After Motor Impact as Viewed From
n Dlstance of b.1 Miles. Sequence is from top to bottom.







FIG. 12. PForward Closure.
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FIG. 1i. Luebris Lo Enst of Target.
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FIG. 1k. Debris to West of Target.

FIG. 15. Debrls to North of Target. Arrow points to position
of Torward closure shown in closcup view, Fig. 12.
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FIG. 16.

Debris and

Crater at Target Site.




FIG. 17. Target ac Viewed From Track Muzzle
Belore and After Test.
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YRAQGENT DIENTIF ICATION T/ELE

Bumbar Deacription
1 Reatdue of turned propellent
2 Restduc of turced propellagt
3 Realdue of burred fropellant
» Frogeent of rear cotor closure, approx. 7'x3°
Contains area 5  Fragaeat of aled ring, apgrox. 5.5° long
020 of heavier 6  Pregoemt of ootar case, spprox. 2.5%0.5°
Q19  concentration ; 7 Pragoent of concrete, appTwR. 300 1b
of fragments 8 Frageent of copcrete, spor. 12 1b
o8 2 9 Four oarks of birned propellast
s 19 VO marks of burced propellast
: ot n Pragzent of motar case, egproy. o "aft
s 12 Prageent of potor case, u;wu:.lh'xh'
o7 13 Restdue of burned prupellast
Trock 1 Residue of burned propellant
- 15  Reoldue of burucd propellant
\ D16 ;= 16 Pragoent of potor imsulatfan, approx. 18*x18"
el e 17 Pragment of motor insulation, approx. 1E%a8”
- : g 18 Progrant cf motor, ase, approx. 8'zh*
e14 Pragoeat of eotor fasulatian, apprex. 18«18~
N . o13 Fragaeat of zotor Issulaticn, spprox. 22°x18*

Prageeat of concrete, apprax. ho b #Rre
Fragient of concrete, appros. %0 1b.

Frogeent of wotar, epffox. 2'alMt

Line of residue from burned propelloat

Rratdce from buroed ﬁrcpd.hnl

Pealdue fran Surned propellent, approe, 3' diam.
Frageant of concrete, apprexr. 150 1b

Sestdue of bureed propeilant

Re-l.'.:xa_of durced propeilant

iz

WrErEB3IRIPIRIILE

AT Recidue of buroed propelleat
LEGEND A é Progoent of coacretr, approx. 200 b
O Motor {rogments H 3.000'R Aealdue of buroed propellant, apprax. M0 dtam.
© Prepellant burns J '
& Concrete {ragments %9
oo Mulitipl urn g
plo b 2 \__ :3?? .-’"/

Scale 1"+ 600"

FI?. 18. Disperoion of Fragments
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B S 3
19,800' N 1 1,47¢"E  (2,400° SE of impact point)

——

22000 M 11,200'€ (1,240 NE of impac? point)

T - e

19,400°N 1 300'# (2,800 SW at impact paim)

FIG. 19. Montage Showing Large Pleces of Debris
(Gee note on page b, third paragraph.)
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